The mTOR pathway has recently been suggested as a new potential target for therapy in adrenocortical carcinomas (ACCs). The aim of the current study is to describe the expression of the mTOR pathway in normal adrenals (NAs) and pathological adrenals and to explore whether there are correlation between the expression of these proteins and the in vitro response to sirolimus. For this purpose, the MTOR, S6K1 (RPS6KB1), and 4EBP1 (EIF4EBP1) mRNA expression were evaluated in ten NAs, ten adrenal hyperplasias (AHs), 17 adrenocortical adenomas (ACAs), and 17 ACCs by qPCR, whereas total(t)/phospho(p)-MTOR, t/p-S6K, and t/p-4EBP1 protein expression were assessed in three NAs, three AHs, six ACAs, and 20 ACCs by immunohistochemistry. The effects of sirolimus on cell survival and/or cortisol secretion in 12 human primary cultures of adrenocortical tumors (ATs) were also evaluated. In NAs and AHs, layer-specific expression of evaluated proteins was observed. S6K1 mRNA levels were lower in ACCs compared with NAs, AHs, and ACAs (P!0.01). A subset of ATs presented a moderate to high staining of the evaluated proteins. Median t-S6K1 protein expression in ACCs was lower than that in ACAs (P!0.01). Moderate to high staining of p-S6K1 and/or p-4EBP1 was observed in most ATs. A subset of ACCs not having moderate to high staining had a higher Weiss score than others (P!0.029). In primary AT cultures, sirolimus significantly reduced cell survival or cortisol secretion only in sporadic cases. In conclusion, these data suggest the presence of an activated mTOR pathway in a subset of ATs and a possible response to sirolimus only in certain ACC cases.
Introduction
Adrenocortical cancer (ACC) is a rare and aggressive cancer with a 5-year survival at the metastatic stage below 15% (Bilimoria et al. 2008 , Baudin et al. 2011 , Fassnacht et al. 2011 . The insulin-like growth factor (IGF) system has been considered a major actor in the pathogenesis of ACCs and an attractive target for new treatments in patients affected by this malignancy (Libe & Bertherat 2005 , Almeida et al. 2008 , Barlaskar et al. 2009 ).
Another important factor may be mTOR, which is a protein kinase of the phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathway, playing a pivotal role in cell growth, metabolism, and proliferation (Guertin & Sabatini 2007) . Activation of the mTOR pathway leads to the phosphorylation and activation of downstream effectors such as the protein 70 ribosomal protein S6 kinase 1 (S6K1) (RPS6KB1) and eukaryotic translation initiation factor 4E-binding proteins (4EBP1) (EIF4EBP1) (Guertin & Sabatini 2007) . S6K1 and 4EBP1 are both regulators of mRNA translation and they stimulate the synthesis of several proteins involved in cell proliferation and survival (Guertin & Sabatini 2007) . Alterations in the mTOR pathway have been found in many human tumors (Wan & Helman 2007 , LoPiccolo et al. 2008 , Konings et al. 2009 ). Therefore, the mTOR pathway is considered a target for antineoplastic therapy in several malignancies and it has recently been proposed as a target for ACC treatment (De Martino et al. 2010 , 2012 , Doghman et al. 2010 ).
Materials and methods

Subjects
A total of 65 adrenal samples (26 ACCs, 19 adrenocortical adenomas (ACAs), ten adrenal hyperplasias (HAs), and ten normal adrenals (NAs)) were selected from the tissue bank (from 1992 and July 1, 2010) of the Erasmus Medical Centre, Rotterdam (The Netherlands). HAs were obtained from adult patients undergoing bilateral adrenal removal for Cushing's syndrome. All tissues were frozen within 60 min after surgical removal. NAs were obtained from adult donors or adult patients undergoing NA removal during surgery for kidney cancer.
An additional 12 adrenal samples (seven ACCs and five ACAs) were collected during surgery and they were processed immediately to obtain primary adrenal tumor cell cultures.
This study was approved by the Medical Ethics Committee of the Erasmus Medical Center.
The Weiss score, assessed by an expert pathologist in adrenal disease (RRdK), was used to make the distinction between adenomas and carcinomas (Weiss 1984) .
The following clinical parameters were recorded in all patients: date of diagnosis, age, gender, ENSAT stage (Fassnacht et al. 2009 ), Weiss score, mitotic count (as defined by the presence number of mitoses equal or higher than five in 50 high-power fields), hormonal status, and type of hormonal secretion (cortisol and/or androgens and/or estrogens and/or mineralocorticoids) (Fassnacht et al. 2011) .
Total RNA isolation and quantitative RT-PCR (qRT-PCR)
From snap-frozen adrenal tissues, total RNA was isolated using a commercially available kit (High Pure RNA Tissue kit; Roche).
Total RNA from the human ACC cell line NCI-H295R was used as a positive control.
The cDNA synthesis from total RNA and quantitative PCR were performed as described previously (De Martino et al. 2012) .
The mRNA expression of MTOR, 4EBP1, S6K1, and the housekeeping gene hypoxanthine phosphoribosyltransferase (HPRT (HPRT1)) were evaluated by quantitative RT-PCR in human adrenocortical tissue samples depending on the availability of frozen tissues.
The primers and probes were purchased from SigmaAldrich. The sequences of the primers and probes used are reported in the Supplementary Table 1, see section on supplementary data given at the end of this article. Samples were normalized against the expression of HPRT. PCR efficiencies (E) were calculated for the primer-probe combinations used (Supplementary Table 1 ) (Rasmussen 2001) . The relative expression of genes was calculated using the comparative threshold method, 2KDCt (Schmittgen & Livak 2008) , after efficiency correction (Pfaffl 2001 ) of target and reference gene transcripts (HPRT).
Immunohistochemistry
The expression of total/phospho-mTOR, total/phospho-4EBP1, and total/phospho-S6K1 in adrenal samples were evaluated.
Paraffin-embedded tissue specimens were cut in 5 mm sections, deparaffinized, and dehydrated. Antigen retrieval was performed by microwave treatment in Tris-EDTA buffer (pH 9.0). The slides were cooled for 1 h at C4 8C and incubated for 1 h at room temperature (RT) with the primary antibodies. The primary monoclonal antibodies (MABs) to detect mTOR, phospho-mTOR, 4EBP1, phospho-4EBP1, and phospho-S6K1 were purchased from Cell Signaling Technology (Inc.-3 Trask Lane-Danvers, MA 01923, USA, dilution: 1:25, 1:50, 1:1200, 1:25, and 1:100 respectively). The primary MAB to detect S6K1 was purchased from Santa Cruz Biotechnology, Inc. (dilution 1:25). The slides were washed and incubated for 30 min at RT with secondary antibodies (Poly-AP-Goat anti-Mouse/Rabbit IgG PowerVisionC; ImmunoVision Technologies, Duiven, the Netherlands) at the concentration provided by the manufacturer. After washing, staining was visualized by incubation for 30 min with new fuchsin solution (Pivonello et al. 2004) . Only phospho-S6K1 staining was performed and visualized using a Dako Detection System, following a different protocol as described previously (De Martino et al. 2012) . All slides were counterstained with hematoxylin and coverslipped. Positive controls included cases of breast cancer with previously proven positivity at immunohistochemistry (IHC) for the protein evaluated. Negative controls included omission of the primary antibody and the incubation with secondary antibodies.
The staining was evaluated independently by two investigators and any discrepancy was resolved by a consensus review. In tumor specimens (ACAs and ACCs), the results were interpreted in a semiquantitative manner using an intensity-proportion scoring system as described previously (Noh et al. 2008) . The score was calculated by the sum of the intensity score and the proportion of the stained cells; this provided a score between 0 and 6. The proportion score was as follows: 0Zno positivity (or !10%); C1Z!1/3 tumor cell positivity; C2Z1/3-2/3 tumor cell positivity; and C3Z more than 2/3 tumor cell positivity. The intensity score was as follows: C1Zweak staining; C2Zintermediate staining; and C3Zstrong staining. The score 0 was considered as negative, 2-3 as low, 4-5 as intermediate, and 6 as high. Finally, adrenocortical tumors (ATs) were dichotomously grouped as having intermediate to high expression of the evaluated protein and phosphoproteins (IHC score R4) or not (IHC score !4).
In AHs and NAs, we used only the intensity score as indicated above.
To evaluate the correlation between the in vitro response to sirolimus (rapamycin) and the protein expression of the main components of the mTOR pathway, the expression of total/phospho-mTOR, total/ phospho-4EBP1, and total/phospho-S6K1 were evaluated in 12 additional AT samples used to perform AT primary cell cultures. In this additional series, the staining was performed and visualized using a Dako Detection System, following a different protocol as described previously (De Martino et al. 2012) . In this system, dilutions of total/phospho-mTOR, total/phospho-4EBP1, and total/ phospho-S6K1 antibodies were 1:50, 1:100, and 1:2400 and 1:50, 1:50, and 1:100 respectively.
Drugs and reagents
The mTOR inhibitor sirolimus was purchased from LC Laboratories, Inc. (Woburn, MA, USA), dissolved in dimethyl sulfoxide (DMSO) as concentrated (10 K3 M) stock solution (stored at K20 8C), and diluted in 40% DMSO before use. IGF1 was purchased from Sigma-Aldrich, diluted in 0.01 M acetic acid as concentrated (5!10 K6 M) stock solution (stored at K20 8C), and diluted in culture medium before use.
Cell lines and culture conditions
The human ACC cell lines H295 and SW13 were obtained from the American Type Culture Collection (Manassas, VA, USA) and from ECACC (Salisbury, Wiltshire, UK) respectively. Cells were cultured, as described previously in detail (De Martino et al. 2012) .
Immunocytochemistry: chamber slides
To evaluate the expression of total/phospho-4EBP1 and total/phospho-S6K1 in ACC cell lines, H295 and SW13 cells were plated on poly-L-lysine-coated culture chamber slides (NUNC A/S, Roskilde, Denmark) for 48 h in full medium. Subsequently, the medium was refreshed and cells were incubated for 16 h in a complete medium or starved in serum-free medium containing 0.1% human serum albumin (medium-HSA), according to the different treatment group assigned. Finally, media were refreshed again and cells were incubated for 30 min in complete medium or medium containing HSA with or without IGF1 (10 K8 M), according to the different treatment group assigned (Fig. 1) . Immunocytochemistry in chamber slides was performed, as described previously in detail (De Martino et al. 2012) . The dilutions of total/phosphomTOR, total/phospho-4EBP1, and total/phospho-S6K1 antibodies were 1:2400, 1:50, and 1:100 respectively.
Primary cell culture of human ATs
Immediately after surgery, the adrenal specimens were minced into small pieces and dissociated with collagenase type I (2 mg/ml; Sigma-Aldrich). Cell viability, after Ficoll density gradient separation, was determined by trypan blue exclusion and it always exceeded 90%. Cells were cultured in DMEM/F12K medium (Invitrogen), supplemented with 5% FCS, penicillin (1!10 5 U/l; BristolMeyers Squibb, Woerden, The Netherlands), and L-glutamine (2 mmol/l; GIBCO). Cells were plated at a density of 100.000 cells per well in 24 well plates (Corning Costar, Schiphol, The Netherlands). After 3-4 days of incubation at 37 8C in a humidified incubator containing 5% CO 2 , the medium was changed and incubations with or without sirolimus were performed for 7 days in quadruplicate. Controls were treated with the vehicle. The medium and test substances were washed every 3 days. On day 7, media were collected, cells were washed twice with saline, followed by lysis for DNA analysis as described previously in detail (Hofland et al. 1990 ). Owing to a limitation in the cell yield obtained per tissue, and the absence of cortisol secretion in some cases, not all experiments could be carried out in each individual case.
Cortisol secretion assay
In cortisol-secreting adrenal tumor primary cultures, we evaluated the effects of sirolimus on cortisol production.
The culture supernatants from primary culture experiments, performed as described above, were collected and stored at K20 8C until determination of the cortisol concentration.
The cortisol concentration was determined by a nonisotopic, automated chemiluminescence immunoassay system (Siemens Medical Solutions Diagnostics, Breda, The Netherlands). Cortisol levels were expressed as the percentage of control and were corrected for the total DNA content in each well, thereby reflecting cortisol production per cell. 
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Statistical analysis
Statistical analysis was performed using the statistical software of SPSS (SPSS 15.0; SPSS, Inc.) . Quantitative data are expressed as means and S.D. and medians and range. Qualitative data are expressed as percentage. The Mann-Whitney U test and the Kruskal-Wallis test were used to compare two or more groups. The comparative statistical evaluations among treatment groups in primary culture experiments were performed by ANOVA, followed by a multiple comparative test (Newman-Keuls). Spearman's rank correlation coefficient was used to test the correlation.
Results
Study population
This study included samples from 65 adrenal patients. Only two of the included ACC patients were children (9.5 and 4.2 years old respectively).
To describe the mTOR pathway, the mRNA expression levels of MTOR, 4EBP1, and S6K1 were evaluated by qRT-PCR in 54 human adrenocortical tissue samples (17 ACCs, 17 ACAs, ten AHs, and ten NAs) and the protein expression levels of mTOR, phospho-mTOR, 4EBP1, phospho-4EBP1, total S6K1, and phospho-S6K1 were evaluated by IHC in 32 human adrenocortical tissue samples (20 ACCs, six ACAs, three AHs, and three NAs). For 20 cases (11 ACC patients including the two children, and three ACA, three AH, and three NA patients), we had adequate material to perform the analysis of the mTOR pathway by both qRT-PCR and IHC. mRNA expression of the mTOR pathway components in human adrenal samples
The mRNA expression of MTOR, 4EBP1, and S6K1 were evaluated by quantitative RT-PCR in 54 adrenocortical tissue samples. In the samples, no statistically significant differences between the expression levels of MTOR (ACCs: 0.16G0.29; ACAs: 0.35G0.21; AHs: 0.29G0.07; NAs: 0.27G0.19, medianGS.D.) and 4EBP1 (ACCs: 0.36G0.60; ACAs: 0.41G0.64; AHs: 0.36G0.42; and NAs: 0.33G0.08) were found, while the mRNA expression levels of S6K1 were significantly lower in ACCs than in other groups (ACCs: 0.10G0.08 vs ACAs: 0.20G0.11; AHs: 0.29G0.07; and NAs: 0.23G0.08; P!0.01) (Fig. 2A, B and C) . In the group of ACCs, a significant correlation was found between the mRNA levels of MTOR and 4EBP1 (PZ0.043), MTOR and S6K1 (PZ0.003), and S6K1 and 4EBP1 (PZ0.011), but no relationships were observed with the Weiss score, mitotic index, and TNM. The correlations were also present when a whole series of samples was considered.
Endocrine-Related Cancer
Protein expression of the mTOR pathway components in normal human adrenal tumors and AH
All the evaluated components of the mTOR pathway were expressed in the cortex of the evaluated NA and AH specimens. However, a layer-specific expression of the evaluated proteins was observed. The intensity of staining for the majority of the evaluated proteins was moderate to strong in glomerulosa and reticularis layers, weak to moderate in fasciculata, and faint to weak in the NA medulla, with the exception of phospho-S6K1, which showed moderate to strong staining in the normal medulla.
Representative pictures of the staining observed in NAs are reported in Fig. 3 .
Protein expression of the mTOR pathway components in human ATs
In 26 ATs (20 ACCs and six ACAs), the protein expression of the total and phospho-mTOR, total and phospho-4EBP1, and total and phospho-S6K1 were evaluated by IHC. Table 1 Exemplary pictures of the immunocytochemical detection of total mTOR, phospho-mTOR, total 4EBP1, phospho-4EBP1, total S6K1, and phospho-S6K1 in normal adrenals. Large pictures represent all the normal adrenal layers (magnification, !40) and smaller pictures represent the higher magnification (100!) of each adrenal layers (from the outer to the inner: glomerulosa (g); fasciculata (f); reticularis (r); and medulla (m)). (Fig. 5A) . Considering the staining score of phospho-S6K1 and phospho-4EBP1 together, an intermediate to high staining of at least one of the two components of the mTOR pathway was found in 16 ACCs (80%) and in all ACAs. An intermediate to high staining of both components was described in two ACCs (10%) and in three ACAs (50%). Interestingly, all ATs (six ACAs and 20 ACCs), which did not present any intermediate to high staining of the two above-mentioned phosphoproteins, had significantly higher Weiss scores than others (PZ0.009) (Fig. 5B) when considered together. This difference was still present considering only ACCs (PZ0.029) (Fig. 5C) .
In ACC group, a higher total S6K1 (5G2 vs 2G2; PZ0.04) and phospho-4EBP1 (5G1 vs 3G2; PZ0.04) protein expression were observed in tumors having a mitotic count !5.
Several positive correlations between the staining score of different components of the mTOR pathway in ATs were observed (Supplementary Table 2 , see section on supplementary data given at the end of this article), potentially suggesting common regulators.
In the 14 ATs, for which adequate material was available to perform both IHC and qRT-PCR, none of the evaluated components showed a significant correlation between mRNA and protein expression levels.
ACCs associated with hormonal production did not present any significant difference in the mRNA and protein expression levels of the evaluated components when compared with the non-secreting ACCs.
Protein expression of the mTOR pathway components and in vitro response to sirolimus in preclinical models of human ATs
In order to explore whether the protein expression of the main components of the mTOR pathway are predictive for the effects of mTOR inhibitors in in vitro models of human ATs, we performed experiments in human ACC cell lines and primary cell cultures of ACCs and ACAs.
Human ACC cell lines To define whether total/phospho-4EBP1 and total/phospho-S6K1 protein expression are correlated with the in vitro response of ACC cell lines to mTOR inhibitors, immunocytochemistry was performed in H295 and SW13 cell lines. We had previously described the effects of sirolimus in these cell lines (De Martino et al. 2012) and demonstrated that SW13 cell lines are more sensitive to sirolimus treatment than H295 cell lines. All the evaluated proteins were well expressed in both cell lines, either in basal or in serum/IGF1-stimulated conditions (Fig. 1) . No major differences were observed in total/phospho-4EBP1 and total/phospho-S6K1 protein expression between the cell lines.
Primary human ACC and ACA cell cultures To determine whether the protein expression of all evaluated components of the mTOR pathway were correlated with the in vitro response of primary human AT cell cultures to mTOR inhibitors, immunocytochemistry was performed in tissues of seven ACCs and five ACAs from which primary cultures were performed. In these cell cultures, the response to sirolimus (10 K10 and 10 K6 M) was defined based on the presence or absence of significant inhibition in the cell number (as evaluated by DNA analysis) and/or cortisol secretion (in the cortisol-secreting tumors). Supplementary  Table 3 , see section on supplementary data given at the end of this article shows the results of the effect of sirolimus in primary cultures. Only one ACC primary culture showed a significant cell number reduction after sirolimus treatment (Fig. 6A) . In a different case, which was a cortisol-secreting ACC, sirolimus treatment significantly inhibited cortisol secretion (Fig. 6C ), but it did not affect the cell number (Fig. 6B ). There were no clear differences in the expression of the evaluated proteins between the two responder cases and the others. These results suggest that only a small subset of ACCs show response to mTOR inhibitors and that there is no clear correlation between response to sirolimus and protein expression of the main components of the mTOR pathway.
Discussion
This study demonstrates a layer-specific protein expression pattern of the major components of the mTOR pathway in NAs and suggests the presence of an activated mTOR pathway in a subset of adrenal tumors. Generally, malignant adrenal tumors (ACCs) showed variable protein expression of the evaluated components of the mTOR pathway and lower S6K1 mRNA and protein levels than adrenal benign tumors, suggesting a possible deregulation of the mTOR pathway in ACCs. However, it is difficult to establish whether these downregulations could be related to an abnormal mTOR pathway activity. Phospho-S6K1 and/or phospho-4EBP1 have been considered as potential markers of the mTOR pathway activation in human cancers (Noh et al. 2004 , O'Reilly & McSheehy 2010 . Although a higher percentage of benign tumors presented an intermediate to high staining of these phosphoproteins compared with the ACCs, the total scores of phospho-S6K1 or phospho-4EBP1 were not significantly higher in ACAs compared with ACCs. Interestingly, tumors not having intermediate to high staining of these phosphoproteins had a significantly higher Weiss score than the tumors presenting intermediate to high staining of at least one phosphoprotein. These data suggest that the mTOR pathway activity was downregulated in a subgroup of tumors with more aggressive pathological phenotype (although not in all cases with aggressive pathological phenotype), thus indicating that a subset of less differentiated ACCs could be less dependent on the activation of the mTOR pathway.
The different expression of the evaluated proteins in the different layers of the adrenal cortex suggests a specific role of the mTOR pathway in particular adrenal functions. For example, the stronger expression of several components of the mTOR pathway in the reticularis could suggest a role of this pathway in the androgen production and the stronger expression of these components in the glomerulosa may be related to angiotensin II-induced activation of the mTOR pathway (Nazarewicz et al. 2011 ). We did not perform a real comparison between the staining observed in NAs and that observed in ATs because the presence of different layers in NAs, expressing the evaluated proteins at different intensities, made it difficult to attribute a semiquantitative IHC score as done for tumors. However, if we consider, for example, the most representative layer of the adrenal cortex as reference, which is the fasciculata, some tumors overexpress and others have lower expression of the evaluated proteins. This observation reinforces the suggested heterogeneity of ATs, particularly in ACCs, in the expression of the mTOR pathway.
Several positive correlations between the mRNA levels of the different evaluated components of the mTOR pathway were observed. Similarly, correlations were also observed among the different protein expression levels, suggesting that different components of the mTOR pathway could have common regulators of transcription and/or protein translation. Conversely, we did not find any correlations between the expression observed at mRNA levels and that observed at protein levels. This absence of correlation between protein and mRNA expression could suggest different mechanisms of regulation in protein and mRNA expressions, such as the presence of post-transcriptional regulators, or could simply be explained by the small sample size. The PI3K/Akt/mTOR pathway is an intracellular pathway that mediates the effects of many growth factors including the IGFs (Liu et al. 2009 , De Martino et al. 2010 . Preclinical studies demonstrated that mTOR inhibitors inhibit in vitro cell proliferation in ACC cell lines (De Martino et al. 2012) and used a higher dose; they also inhibit the growth of ACC xenografts in immunodeficient mice (Doghman et al. 2010) . Moreover, the mTOR pathway has been found to be activated in childhood ACCs (Doghman et al. 2010) . However, genomic abnormalities associated with the potential PI3K/Akt/mTOR pathway activation such as the loss of the tumor suppressor gene PTEN or PI3KCA mutations are not common events in ACCs (Ameur et al. 2009 , De Martino et al. 2013 . Nakamura et al. (2009) , evaluating the presence of potential surrogate markers of targeted drugs in ACCs by IHC, failed to demonstrate significant overexpression of phospho-S6K1 and phospho-4EBP1 in 41 ACCs when compared with 54 ACAs and five NAs. Conversely their results suggest a trend to the downregulation of expression of these proteins in ACCs. This study demonstrates the expression of these proteins for each individual tumor and the percentage of positive/negative cases as established considering only intermediate to high staining. Adopting this approach, we could define different subsets of ACC patients: 10% with intermediate to high staining of both phospho-S6K1 and phospho-4EBP1; 30 or 60% expressing phospho-S6K1 or phospho-4EBP1 respectively; and 80% expressing at least one of these proteins. Based on these results, it can be hypothesized that a subset of patients with ACCs could potentially be a candidate for treatment with mTOR inhibitors. However, it must be considered that tissue biomarkers capable of defining the sensitivity of patients to the mTOR inhibitors have not yet been clearly validated in the clinical setting. To explore the role of the main components of the mTOR pathway as predictors of response in in vitro models of ATs, we performed experiments in human ACC cell lines and primary cell cultures of human ACCs and ACAs. Our previous study had demonstrated that sirolimus inhibits cell proliferation in H295 and SW13 human ACC cell lines although with a different potency, SW13 cell lines being more sensitive than H295 cell lines (De Martino et al. 2012 ). These two cell lines express total/phospho-4EBP1 and total/phospho-S6K1 at a comparable level, suggesting that the expression of these proteins is not useful to predict the different sensitivities to sirolimus observed in these cell lines. We further investigated the role of mTOR, phospho-mTOR, 4EBP1, phospho-4EBP1, total S6K1, and phospho-S6K1 as predictors of response to sirolimus treatment in human ACC and ACA cell primary cultures. Also, in this context, protein expression was found to be incapable of predicting a differential sensitivity to sirolimus. In primary culture experiments, sirolimus significantly inhibited total DNA content only in one case of ACC with sarcomatoid features (Coli et al. 2010) . These results suggest that only a small subset of ACCs might respond to treatment with mTOR inhibitors. Additionally, they might indicate that ACCs with this particular phenotype could be more sensitive to this treatment. While both ACC cell lines showed a significant response to sirolimus in terms of DNA (De Martino et al. 2012) , only one of the seven evaluated ACCs showed a response in this type of experiments. In this regard, it should be considered that primary cultures are in fact unable to proliferate, and therefore, DNA analysis in this context represents cell survival rather than cell proliferation. For this reason, the effects of sirolimus on total DNA content in primary cultures could be underestimated.
IGF2 is known to be overexpressed in ACCs compared with ACAs or non-pathological adrenals, and this explains as to why the IGF pathway has been historically considered as an attractive target for ACCs. The absence of overactivation of the PI3K/Akt/mTOR pathway raises a question as to whether there is any dissociation between the known overexpression of IGF2 in ACCs and the activation of the classical IGF-stimulated intracellular pathway. The variable expression of the evaluated components of the mTOR pathway suggests that mTOR inhibitors must be used with caution in unselected patients with ACCs. Few patients with advanced ACCs who received everolimus, as salvage treatment, did not receive any major benefit (Fraenkel et al. 2013) . Few ACC patients have been treated in registered clinical trials (Gangadhar et al. 2011 , Quek et al. 2011 , Naing et al. 2013 . These studies failed to prove the hoped efficacy of these compounds, and they also had limitations. As mitotane can interfere with the metabolism of other drugs including mTOR inhibitors, it became necessary to determine mitotane levels in these patients. However, these early clinical experiences suggest that a subset of patients could benefit (more than 6 months of tumor stabilization) from combined treatment including mTOR inhibitors and IGF1R antagonists (Quek et al. 2011 , Naing et al. 2013 . In a previous study, we had demonstrated that, in H295 ACC cells, IGFs can activate mechanisms of escape from mTOR inhibitors, which could be responsible for a reduced sensitivity to the treatment with these drugs (De Martino et al. 2012) . The blocking of endogenously produced IGF2 increased the antiproliferative effects of sirolimus (De Martino et al. 2012) . These preclinical studies support the rational to combine IGF1R antagonist and mTOR inhibitor treatments in a subset of patients with ACCs.
In conclusion, despite the well-known IGF2 overexpression and the potential role of the mTOR pathway in ACCs, presently there is no evidence that clearly supports a key role of this pathway in the pathogenesis of ACCs. However, this study suggests that a subset of ACCs have an activated mTOR pathway. Presently, there is not a strong proven rationale for the use of the mTOR inhibitors alone in ACCs. Therefore, further studies are warranted to investigate the potential role of mTOR inhibitors, alone or in association with other drugs, in ACC patients. The association between the Weiss score and the expression of the mTOR pathway components should be confirmed in a larger series. Moreover, the role of the expression of the mTOR pathway components as prognostic parameters and as predictive biomarkers for treatment with mTOR inhibitors in ACC warrants further investigation.
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